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© Supporting means.! 

© Particulate material is supported in a fluid medium by 
means of an ultrasonic standing wave while a reaction is 
effected or controlled involving the material so supported, for 
example with the fluid medium or other material contained in the 
medium. In a preferred arrangement, the standing wave is 
established by opposed ultrasonic transducers (304,305,306) 
producing convergent beams that compensate for attenuation 
of the ultrasonic energy in the fluid medium, and operating in 
the near field. The support provided by the standing wave is 
able to avoid settling of (the particulate material in the medium 
and also agitates the material; both effects enhance the rate of 
chemical reaction and. help to ensure that the particulate 
material is more uniformly exposed. Tr^e process has particular 
applications to biological reactions, such as fermentation, and 
„to chromatography, as. examples. 
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***** ^^W^^t^^tia'rtM 

particulate material and a reactant in a fluid medium in ^' c ^ a '° ""f *L cesses and more generally may be 

the efficiency of the reaction may bf hm.ted I by ^Jjj**"! a iTd vihout special measures te prevent it 
the reactant. Particularly if the product of the ^T^^^^^SSatin of ^particulate material, 
acting as a barrier it may be possible to expose and react ° n 'y^fmW?na of course and in recent years 

MeWa. stirring and'a^ 
fluidised'beds have been used<^^ 

number of ■'dlS l ^t^:^\»ni^^ ™J»?™g* ^Son of the particles is appHed through.the 
displacement between^he particulate matenal and the ^d- Ration o ^tne ■ p ^ w extent .that 
• fluid the 'efficiehcy pTlfiixi^ 
gravitational ^^^^STS^ ^CW^ a 

' particulate matef.^ immersed 
^tablished withih the rneto or control the: reaction. 

'■■■t^^ W^m*^.:?*. ^lf U l,Slafr^'S^ctlon: Thus, reactionsanay be 
: 'Tne- ln^tldn/^'te^n^ ^^^^^SX'SL^ medium, wbiciv may, itself act 

' swept away -with the moving fluid for; collection. - the . D resent invention is concerned , involves 
A particularly important group ^^f^^^^^ior other: material contained in the 
reactions between the particulate matenal ^ J^^^^.es^shed^thin a zone in the 

medium. By retaining, the p^^ ma^^^e^ ^to^^^ cne mical*eactions 
reaction vessel.motion of the^ fluid ^^^3SS »ti or-ir^leni^meBt. A 
associated with the contact *^8t^. The W "!t n ^ D res?nted to the particulate material and reaction 

... continuous supply pf .'fre^ the - m0 ver.ient of the fluid. 

productsc^^ 

the axis of propagation of the acoustic energy J^^Si, ano ft .syndicated that the . 
nodes and those which ^ :a °? u ? tiCt ^ • vwav^if-must be said, 

particles-influenced by a standing ^r^-^^^^^Z Siding. waves and their.effect of 
however; tHat the detafled theory underling Jn^^ed gS™^ h as?no bearing, on the 
>p*^in;tect 1s;not m^^V^StS '^SSenlSSi ten! •n^wiised hereln 

urgethe'particletotheW^ 

eg., from the movement of a liquid relate *° ^^1StrK^el73tt» node. If the opposing force 
displaced somewhat, although tt still rem a.ns.a ta f^°;^ 
. exceeds the maximum acoustic force, the partly cl 1'V^ ^Ss ngS 
. have different respdnses. both to the acou 

to* boll, tor how-* (««*! Sxoc I. <,g?^^ 2, rtad. to European 
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substantially motionless relative to the sources generating the standing wav ) and the liquid flows axiaily to the 
standing wav . In this c ndition the nod s of the standing wave can be lik ned to a s ries of filters or grids 
holding th particulate material in a substantially constant position while the liquid passes this material with any 
other particles that are less strongly influenced^ the acoustic forces. Alternatively, with the liquid stationary 
and the standing wave caused to move along its own axis, the nodes of the standing wave can be likened to a 

.comb that is passed through the liquid carrying with it the particulate material. It will be understood. that by 
combination of the movements of both the liquid and the standing. wave, whether in the same sense or in 
countercurrent to each other, as weir as by controlling the standing wave intensity and/or frequency, it is 
readily possible to achieve an extremely wide, degree of control.; . - 
Although the particulate matter will be held in concentrations at the nodes of a standing wave, the nature of 

v this restraint need not significantly impede axial flow of the fluid medii^n through this zone. Particles retained 
at thei nodes are not held rigidly in a fixed, poisition, but exhibit a rap i,d- random ^notion of yery, small amplitude. 

iTOs enables fluid media to f low through densely concentrated particulate rnatter jn a manner which permits a 
more rapid-diffusion, .eg^r of reagents or products, , to and from that; matter., : , ~. ., f • , 

. :Ttie present invention also comprises arrangements in .whi^ flow 

-r normal to the axis >of the standing wave, in ar\ extreme case % : fiuid fl^^ to 
vKihe^ standing wave axis. The acoustic- energy density in a podal plap^ will general'^ and a 

' : particle influenced by the standing_waye > iwill move, parallel to that plane in the direction p^jncreasing energy 
density. The axial acoustic forces on particles in a standing w^ye, wriiqrvjno^ are 
normaHy very much greater than the acoustic forces parallel to the nodes of the-s^ndta^^ 

.; higheriuttrasoniC/frequencies and particularly also-whep operating^in jthp fan field, of : #e,^^ 

; "thus be displaced parallel to the nodal planes by a much smaller non-acoustic force tftah needed. tp displace 
them axiaily of the standing wave. Processes according to ti Jhe .myghtlqn ^ 6q relative 

rrrovemfint parallel to a standing wave axisprfparallel,tc-its nodal planes,^or at angles oby^^e thereto. - v 
ij /cA process in accordance with trie jnventten may be applied to a ; verywia*a? ize range, of, particles, the upper 
; sizedimit being determined primarily by the^temodaJ. distanqe in the ^taryclinj^ < because the acoustic 
forces tmaparticle will essentially ^ease, to be effective when it is so,large tli^t isjspar^^^^ between a 
node and' the adjacent antinode. Among examples of, suitable bioiogica^p^iples; there "cian ^considered 

: anirhal ceils^for instance mammalian iCeilss; pJant c^Hs.,-micro-organisms^ 
Cfelt constituents such as nuclei, mitochondria and microsomes as well as plankton. y^sts, pollen, protozoa, 
crichetsla* and viruses; are further.examples of bioJoglqalj>artlcte^ prbce^ses : af the present 

lhventiqn^Oufeide-*he fteld of biolo'gical particle?, the. invention can be-employeidior the prpc^ssing of many 
industrial particulates, including dispersions, suspensions and finely-divided precipitates, as well as dusts, and 
even liquid droplets. More generally, the invention may be applicable to a wide variety of, chemical processes in 
which^fluid media are ; in. contact with particulate matter, For example, tfje ; particulate material retained irt.the 
standing wave : x;an;be;<a catalyst influencing^ chemjcahreactiori involving. one or more other reactants. Such 
processes; include enzymatic reactions, in^wftich the ( p^rtipiilate materialVcbmprisegjone otmpre functional 

.1 enzymte&t^ound to^partJcuiate carrier .material, pnzymes ^ of 

n bubbles, tene?*/:-? ^>~ ; t *:;:.•-■.■ ; c; c , c 30 tehcisru rs/O/'^ni..' 'io r \i?.z '" tc -^icou:; .v^v-ni^ic 

^ 'In the performance of; the invention, ; selection of rthefr^ue^ 

>r iinfluehce tha character cf particulate matter that, is gained at the nodes ind rrj^y be lised to differentiate 
. between particle types to segregate thWse; ; types ithat r < are npt -required, in >the sppibi^q .reaction. Such 
:differentisrtian may be dependent on. properties such as shape, density or size, for exarnple, .trie, invention is 
. used to retain propagating plant cells during the liquid suspension .culture of such cells as part pfavClpning'' 
^process, 1 fcsrthe plant ceHs cluster or exhibit ;cejlula£ tf they : .can acquire ^'^sub^nMiy^ajfered 
;. ; acoustic, properties arid can qonvenlently be ^ .awsy i^^reddiiai ^'^11.? iq^fenierjfttton 
-vessel for collection and further handling. Anpther^example IjeVfachra inyptving the 

binding of .material, dissolved or dispersed in the f luid medium, pntp a particulate carrier held by the standing 
wave. When the carrier material has become loaded with bound material, Its acoustic properties alter and the 
.5. conditions of the. standing waye may be set so that it is no longer heid I but can ( be swept away, eg., by^he fluid 
inflow, fortcoJIectiori anpI.elution elsewhere to recover, the bound material.; If qjesired, a. chromatographic 
technique ipfithis type .can be used^in a "downstream" operation to recoyer ^dissolved/dispersed products of a 
■i process which frnvolves particulate matter, held at the ^ode^^ ; , r \ 

;r. j - Another, useful applicatlpn of the Invention Is in essentially biological "fermentation", processes. In tr^ese 
{ t prooes^$iPairtiov4ate fatter, 'eg., bacteria, yeasts, plant ceils or, animal celis, 'i^ c.ultiye^e^ .in a.1^rrnj3ntatlon 
•i .Lvessel itr^pygrV w^ are circulated. Very favourable prcpagafjipn .cbnbrt can be 

rjj ce^tablishe^ jf 4h^^iiy laj,rnateria| ( i's. retained at the nodes of the standing wave within the f errnentation vessel, 
i . -.c . .^Ftfqsh reaQ^t•,m^er|a| , can be presented readily to the cellular matter and spent rqaterial 

the zone in which Ahepeliujar mafter [s retained. A uniform presentation ofj-eactaj)t3P^Jb§ made tp^the bulk of 
r; -thecelluler material,; whereas in traditional-fermentation vessels this may be more.^puft^lf trie pellular matter 
v. is randpmJy distributed throughout thefermentatlon vessel and relies on stirring tp effect an even distribution 
-of freshTeactant to the cellular matter, such distribution is bound to be un ven in practic and undesirabl 
local concentrations can occur. In a fermentation process in accordanc with th pres nt invention, fresh 
reactant can be presented to t th cellular matter in an appropriat distribution leading to optimum propagation 
conditions.. 
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The Invention particularly facilitates the separation of desirable and/or undesirable products, from the 
fermentation system. For example, soluble by-products of the fermentation reaction can be. flushed away 
readily from the cellular matterjn a traditional fermentation process such by-products tend to accumulate in 
the vicinity of the cellular matter and often have an inhibiting effect on the continuance of the reaction. This is 
particularly disadvantageous where the by-product itself is a desired product of the process. By flushing such 
by-products away from the propagating cells, separation of the by-products from the fluid media can be 
conducted readily in a region remote from the propagating cells. : _ \ 

: Another advantage of the invention when applied to fermentation reactions is that .certain , cell types, 
particularly mammalian cells, are induced to function more efficiently when in association with other similar 
cells. For example, itfaas already beeri established that hybridoma cells used in the manufacture of monoclonal 
antibodies, will only produce such antibodies efficiently in quantity when they can co-exist. Hybndoma cells in 
isolation do not function efficiently. The invention provides an efficient mechanism for concentrating 
hybridoma cells together' In an environment in which relevant fluid agents can be passed through the 
concentration of the cells and optimum antibody production can be maintained. Experiments indicate that 
acoustic frequencies arid energy densities can be employed which do not damage or interfere witrrthe growth 
of such hybridoma cells. ' - ' ■'" '' : . . M 

In a further application of the invention the standing wave can be used as a means to remove reacted or 
spent particulate material from the reaction vessel, either occasionally during the course of the reaction, or at 
its termination. This can be achieved by giving the standing wave an axial movement to carry ^particulate 
matter with it into a collection or exit zone from which the matter can be removed from the r^actionA/essel. 

For the types of particles referred to above as examples, the optimum frequency; needed to establish an 
appropriate standing wave in water will be in the range 100kHz to as high as 50MHz. In the upper end of this 
range it becomes increasingly important to considerihe reduction of intensity of the ultrasomc radiation with 
distance from the source: because of this attenuation, the two progressive waves cannot be identical in 
amplitude except in a limifetf regidri: Away from that region there is a resultant radiation pressure which at any 
particular point will drive thelfluici there away from the ^adiatich source that happens to be dominant at that 
point, this movement being referred to herein as acoustic streaming. 

Acoustic streaming can clearly have a disturbing effect on any attempt to control the movement of particles 
by means of the acoustic forces acting directly on them. It is inevitable when the standing wave is f ormed by 
interference between incident and reflected waves from a single source. When the standing wave is formed by 
interference between the outputs from two opposed sources, it is possible to balance out radiation pressure, 
at least in substance over a part of the distance between the sources, but that part of the distance becomes 
significantly smaller at higher ultrasonic frequency ranges such as are suitable for processing i small particles. 
Thus for a standing wave in water at 20° C. Table 1 shows the total working distance available in mm within 
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Clearly, it would be desirable to avoid generating unbalanced radiation pressure within the liquid, or at least 
to keep such pressures so low to prevent any significant acoustic-streaming, in order to maintain sufficiently 
uniform c nditions in the maximum volume of the acoustic field. 

According to a pr f it d feature of the pres nt invention, th energy d nsityofth acoustic field is r nd red 
more uniform by forming a convergent beam from the or ach ultrasonic source with an angl of conv rg nc 
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sufficiently great to at least substantially compensate for the attenuation of the acoustic energy in the fluid 
medium through Which the beam is propagated. For more effective results. It will generally be desirable to 
apply a degree of convergence to the ultrasonic beam that is sufficient also to compensate for the normal 
divergence of the output from an ultrasonic sourc . 
* : r . By these means it is thus possible to create a standing wave in an acoustic field in which there is no or only s 
' negligible acoustic streaming over a; considerable axial distance, with the result that a much greater: working 
volurrfe can be made available for such operations as large quantities of particles in a reaction vessel through 
which a liquid is circulating. j . ^ 

: The, following, example illustrates the <tise of; the invention to mitigate the attenuation of a MHz ultrasound 
. beam, in water.' In this medium at 20°, the attenuation A is given byvtbe formula: ~ 10 

r. A « 2&x:10"17 x f? " — - k -\ < ^x- • W-v/-< - 

$n •!..:■:•.»! :;/ f '"-v. 5 -- ■.• . , ■. . - • ' " i-. .'"'it \ '. ■: r 

'. A : where:f'isihe-;ultrasound'frequencynin MHz!.' »-v r r. r <; r - - '» : 1 1 1 ? 

:>','.*■ c rThfcs, at 8. MHz, A = 0:016. : / .k j ■ ^ , tr • ' b-v: -x . . J - /5 

r> lithe energy densities at two points along theaxis of propagation ofi the beam spaced diGnns apart areJa and 
lb, then the attenuation over that distance is given by the formula: . , . ;. r vo 7 - 

U. v.* ." : r :i ot:: ; »r» ' V •.. . ' . - 1 * ■. ■ ■ f ; ,} \. J ?.:.?n \\ < . • 

vA,,-.^. log,, \-^-\ , iU .r , r ,., ; •• • ' •••• 

, ^ j >,"7 . ;f. * \/. -v;i --.v. r ■! 7 J t-y.;. '-v.fACj -■ ^rv . . -' 55 

5 > r : Assume a working distance of 10 cm isTequired ? thenJn ( Qfder.tq fy^ 
-\ . ; ; with the gain due to convergence (and ignoring any normal divergence jof.ttie beam); j/- T , Q - 

•/'.J 'iaj-^W'-' J 1 -. 1 377 • " . - 1- * c . •. v •* ' ' * * .' n * V-. ' 1 '■It'-y:-.- % »"» ^ ■ !. uf» f r. ; ^' ; '\ : - « 50 

Ifacbnvergfng conicalbeam is established throu^i which a crop-section normal f o the>xis of propagation 35 
at points 10 cm apart along that axis is in the ratio of \ .377:1 , corresponding to a cbhibal angle of convergence 
of approximately 2°, the resultant acoustic energy density will be substantially independent of position 
between the two points. It will be noted that the energy density falls logarithmically with distance and that the 
conical convergence of the ultrasonic beam therefore -does not give an identical compensating gain. Over a 4Q 
finite working distance, however, it is possible to achieve a sufficiently close approximation. Similarly to the 
example above, it is possible to establish the. corresponding angle for different frequencies in ,the same fluid 
i medium, as follows: 
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! ; TABLE 2 f ; 
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Althbugb the usefulness of the procedure is nriore limited as frequency increases, because of the-increasing 
angle of convergehCe; it can be seen that a valuable improvement in performance can be obtained at* least up 
to the 25 MHz frequency. \r* , * : r .>c .: : ; -:.-V» .-.,.<■•:■ .V ••['■:.? M- ; ;: 

By reducing or avoiding acoustic pressures over a longer axial distance/it is thus possible to establish very 
large arrays of nodal planes having Constant energy density. For example, at 10 MHz in wafer:at2G°C there are 
1350 nodes In 100 mm in -the axial direction. : ^; . v - * i ^ « v 

The means of producing convergent ultrasonic beams can be by employing shaped, ie., - concave, 
transducer emitting surfaces, or by placing acoustic lenses in the path of transmission frdm the energy source. 
In a preferred example of this latter alternative, planar transducers are employed, each- bonded to one face of a 
block of metai; r e&.i aluminiurfi alloy, the opposite face of which is contoured iand in contact with the fluid 
medium so that the required convergence of the beam is established as* the ultrasonic energy^ntersrthe. fluid 
•medium^- '*■■<■■ TJ'V^fis;.. iv \*:v:Oi. { cIj;;C3 ; f.;v-'- : ■.. 4 ' ..?n <^ . h:>c\ '^v^ia £ &*v 

(The effiems ©l^l^a^^ a source; In the near 

fielitit may be lessimport^ht to bounter atfentjatioW and there are other factors in ifavour of operation in the 
mear field for the purposes of the present invention. ^ " ■> 

r As is kriowri at a point in space close to a radiating surface, the emissions from that surface wiii have 
■significant phase differences due to the Fresnei diffraction pattern. This creates in the near afield a complex 
pattern of dbm&iriS of high and low acoustic energy density. With increase of distance from the j radiation 
source, that no longer happens arid in the far field; in which Fraunhofelr diffraction pattern is established, the 
acoustic field is uniform, decreasing slowly in dependence on beam spread and attenuation. The near field is 
thus characterised by rel^^ ' :i ' - ;i 

By matching adequately thn eriergy:dfetributiori from^drie transducer in the near, Fresnel fieldUy that from a 
second transducer placed Closed to and in face to face relation with the first transducer, a standing wave is 
produced, but one having a varying acoustic density fraLttern. jhat is to Say, normal to the standing wave axis 
intense energy density gradients wiil be formed which will increase the tendency of particles to be held in the 
standing wave but will at the same time encourage the mobility of those particles within the standing wave. 

it is to be understood that although' the stariding wave does hot have the Fraunhofer diffriabtibn pattern, the 
particles influenced by the energy density gradients are grouped in planar regions that can' be'idehtitled Ss the 
nodal planes of the field, albeit that there are wider variations of energy density in these 1 plarie^by virtue of the 
Fresnel diffraction fields that prevail. « • j^l r rr. ; ^ : ^ v 

The generation of a standing wave has been described in terms of interacting the outputs of tvvo opposed 
sources. It is to be understood that other methods are possible arid, as is known per se/a- standing wave can 
be formed by interaction of incident and reflected beams from a single Source, iiri the context of the present 
invention, it may be particularly appropriate to form a standing wave by r flection if operating in : the near field or 
if measures are taken to limit streaming. ; - 1 : - - • "•' '•*'■* ■ "■' 

By way of example, the invention will be further described with reference to the accompanying schematic 
drawings, in which: •_ ■. ' / L ? • ■ - ■ ■■' y * 

Figure 1 is a' longitudinal sectional view of one form of apparatus for performing the method according 
to the invention, 

Figure 2 is a transyerse sectional view on the plane A - A in Figure 1 , and 
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Figure 3 is a similar transverse sectional view illustrating a modification of the apparatus of Figures 1 
and 2. 

Referring to Figures 1 and 2, a reaction vessel 300 has a liquid inlet 301 and outlet 302. The interior of the 
vessel is divided into a series of parallel spaces 303 by opposed pairs of ultrasonic transducers 
3C)4a,304b,305a,305b,306a t 306b. Each pair of transducers is driven to establish an ultrasonic standing wave in 
the respective space 303. ~ 

The transducers, which are conveniently of a lead zirconate titanate ceramic, have slightly convex emitting " 
surfaces, as can be seen in Fig;2, to propagate a slightly convergent ultrasonic beam into the space 303. They 
may be constructed in a manner already described, by abutting the ceramic emitter against a metallic coupling 
block, the emitting surface of which is given the curvature that produces the convergent beam. The degree of 
convergence is such that the energy density of the wave is, constant with increasing ; distance from its 
transducer across the space 303. Consequently, the interference of the two beams from each opposed pair of 
transducers produces a standing wave free of any significant degree of acoustic streaming over the greater 
part of the distance between the opposed transducers. A nodal array is thus established in each space 303 in 
which particulate matter can be retained for reaction with the fluid In the chamber, or other matter contained 
therein. ,; ! j 

By the use of baffles 307 the spaces 303 are connected in series to form a serpentina path through the 
vessel between inlet and outlet 301,302, the spaces 303 behind the transducers being sealed from the fluid 
flow, and possibly being air-filled. It will be obvious that with rearrangement of the baffles, the spaces 303 
between the transducers of each pair can be connected in parallel if required: ' 

Taking as an example the use of the apparatus in a bacterial fermentation process, the vessel 300 will be 
filled initially with a fluid culture medium incorporating a small population of the bacteria to be fermented. This 
composition is admitted to the vessel through inlet 301. (If desired, outlet 302 arid inlet 1 301 can be linked 
through a recirculation system that is not shown). With the vessel filled with liquid the transducers 304-306 are 
activated and tuned to establish a stationary standing wave between the transducers of each pair having a 
frequency such that the bacteria are retained at the nodes of the standing waves. Regions of bacteria-rich 
medium are thus located in the vessel in the zones between the transducers of each pair. Nutrient medium is 
circulated through the bacteria-rrtch zone? by means of -the recirculation system.^ndi If necessary can 
periodically be. replenished by admitting j further nutrient medium and removing .any.excess medium; 

In the steady state with, in effect, the whole population of bacteria as located firmly;by^eans of the standing 
waves, nutrient medium can be drawn from the reaction vessel through the outlet 302 containing almost only a 
very low population of bacteria. By retaining the bacterial population: at, the nodes of the: standing wave an 
efficient fermentation regime is established in which recirculation of the nutrient medium can readily distribute 
it uniformly .to the bacteria*, By-products can be removed from the fermentation system by flushing fresh 
nutrientimedium.into the reaction vessel without significant loss of bacteria through the outlet. On completion 
of the fermentation reaction, the bacterial population can be released by extinguishing the standing wave, and 
flushing the 1 material from the reaction vessel through the outlet 302. Alternately, the contents of the reaction 
I vessel, containing the bacteria can simply be; drained from the vessel., -> c - 

Figure 3 shows a modified arrangement in that each reaction space 313 in a chamber 310 is bounded by two 
pairs of opposed transducers 31.4^ l 314braJid;31^a l 3i$b''lm1n^.sr^ forming an 

^essential rectangular cross-section fluid-passage in which the two-pairs :Of opposed transducers provide two 
standing wave patterns at right-angles to each other. Particles can thus-be retained in relatively narrow: regions 
at the intersection of the nodal planes of the two standing waves<and the fluid directed through the passages 
flows parallel; to these concentrations of partiples. As in .the- preceding example, the curvature of the 
. transducers- is t designed to give an essentially constant mean, acoustic energy density transversely, of the 
.passages and the passages can be connected together; in series or jn parallel. ■ v , r: , e . — 

' - It is-a- feature of the illustrated examples thai the radiating surfacesotthe transducers lie close to- or bound 
the volume through which the standing wave ^extends, Wthi this are 
established/in the near fields of the transducers and relatively large acoustic pressure gradients: occur within 
the standing wave. These gradients are. non-uniform • they will exist in the flow<lk£QtJQn of the passage as well 
as axiady of the standing wave. .Operating In near field conditions Jt may be possible to Ignore the effects of 
streaming: and employ planar transducers without any disadvantage.. However. tto the extent streaming in the 
. axial direction of the standing wave may be unwanted, it can be supressed in substance as already described. 
> Streaming in:ths flow 'direction of, the, liquid may even have, beneficial; results in encouraging agitation of the 
. bacteria, frvthej IJqujd.^edium. . - * K) t V; i K , / L i. ■ t. . 

\ .;lt;Will vbe:under^toQd ; that it is possible to employ : the process of the present invention. with qthenmpdes of 
movement. In particular the matter retained at the nodes of a standing wave can be caused to; progress at a 
i^ntFpjledf^ by producing a standing wave In which the nodes ^drift along the 

axis. of propagation. conjunction with this the fluid; medium may have a. flow, velocity parallel and/or 
Jransverae to r the axis of the^ standing, wave. Some examples of chamber ^configurations; can be seen in 
European Patent Application 147032. , i j v V v ' ; ( 

The process of the present invention does not necessarily require active particulate material, such cells or 
insoluble enzyme complex particles, to be supported by the acoustic properties of these particles themselves. 
Instead, the standing wave can be utilised to support larger carrier particles to which cells, enzymes or other 
active elements can be attach d by means known in the ( art. The standing wave system and the characteristics 
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20 replace or otherwise manipulate the whole culture. 
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-^^2SSSK«m 7 wherein the convergence of the beam is increased to compensate 

% C 0 at A y p S roce S s according to any one of the preceding claims wherein said particulate material comprises 
pSstccording to claim 10 wherein the bio.ogica. particles are employed in a fermentation 

T? Ap'rocess according to claim 11 wherein said partic.es are held -^-^J^^SfE! 
wave while by-products of the fermentation reaction are flushed away in a flow of hquid through 

S 13 nd A Srocess according to any one of claims 1 to 9 wherein the particulate material has its ultrasonic 

65 remove the particulate material after said reaction involving the material. 
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17. A process according to any one of the prec ding claims wh rein the particulate material compris s 
- carrier particles to which- is attached materia) for reaction with the fluid medium or other material carri d 
.therein. ir . 

. 18. A process according to any one' of the preceding claims wherein cell proliferation or accumulation is 
carried out at the nodes of the standing waves so as to form mat-like accretions of particulate material at 5 
the nodes. ( ",' . . V ,7' \ t \ , : ■ '" I'.' 

19. A process according to any one" of the preceding claims wherein standing waves on mutually 
. transverse axes are established in a zone in which said reaction takes place, whereby to concentrate the 
particulate material in said zone towards the intersections of the nodes of the respective standing waves. 
I ' . ,-20. Apparatus for use in a process confrpjling a reaction involving pa^icuiate riiaterial immersed in a fluid 10 
t/ ,iWdLu^^ in that the apparatus comprises a plurality of pairs of ultrasonic transducers, the 

transducers of £ach pair being opposed to each other at. opposite bogndaries pi a space containing said 
fluid to generate ah ultrasonic standing wave in said space, the respective standing waves of thei pairs of 
, : transducers : haying mutually transverse axes and said standing wayes Intersecting^ other. 
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- -;. Supporting meaits. . ". . _ : . ' 

© Particulafe-materiaf is supported in a fluid medium by 
means ofj An ultrasonic standing wave while a reaction is 
effected o'r controlled involving the material so supported, for 

\example With the fluid medium or otberimaterial contained in the 
medium, (n a preferred arrangement, "the "standing wave is 
established t>y opposed ultrasonic transducers (304,305,306) 
producingj convergent beams that compensate for attenuation 
of the ultrasonic energy in the fluid medium, and operating in 
the near field^The. support provided by the standing wave is 

:;able to, avbid settling of the particuiate material in the medium 
and also abrtate^ the i mSterfclitioth effects enhance the rate of 
chemical freaiction and help to epsure that- the particulate 
material is;mpre uniformly exposed] The process has particular 
applications to biological reactions; such' as fermentation, and 

.. to. chromatography, as examples. ' 
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